Pneumocystis carinii was tightly attached to host alveolar type I cells, as judged by freeze-fracture electron microscopy. In contrast to other organisms studied by this technique, no changes in the cell membranes of P. carinii or the host cells could be demonstrated. These data suggest that P. carinii attaches in an unusual manner.
Pneumocystis carinii is a frequent cause of pneumonia in immunosuppressed patients. Accumulating evidence indicates that the interaction of P. carinii with the alveolar type I epithelial cells occupies a central role in the hostparasite relationship in this infection (1, 5, 10) .
We have used the cortisone-treated rat model to conduct detailed sequential studies of the interaction of P. carinii with type I cells (12) (13) (14) . The stages of this process include attachment of P.
carinii to type I cells, proliferation of P. carinii within alveolar spaces, alterations in the permeability of the alveolar-capillary membrane, and degenerative changes in type I cells. The data suggest that P. carinii damages type I cells in heavy infection.
The mechanism of attachment of P. carinii to type I cells is poorly understood. Some authors using transmission and scanning electron microscopy have suggested that P. carinii attaches to the cell by cytoplasmic extensions termed filopodia (1, 8) . On the other hand, we found with the glycocalyx stain ruthenium red that P. carinii and type I cell membranes are closely apposed to each other (13) . Freeze-fracture electron microscopy has provided another approach to the study of cell surfaces. We have used freeze-fracture to study the developmental stages of P. carinii (15) and, in the present study, to examine the attachment of P. carinii to type I cells.
Fifty male adult Sprague-Dawley and Lewis rats (Harlan Industries, Indianapolis, Ind.) weighing about 250 g were used in the study. The protocols used to develop Pneumocystis pneumonia are similar to those used in previous studies (12, 13) and are based on the mechanism of reactivation of latent infection by corticosteroid administration. In brief, the rats were administered the following medications: cortisone acetate (25 mg) injected subcutaneously twice weekly or dexamethasone (1 mg/1,000 ml) in their drinking water; a regular or low (8%)-protein diet; and tetracycline (1 mg/ml) in their drinking water. Animals were sacrificed at various intervals from 4 to 12 weeks by an overdose of halothane anesthesia. The lungs were excised, sliced into small pieces (1 mm3), and immersed in the fixative (2.5% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.2) for 2 h at 4°C. After the fixation, the tissue was washed overnight by several changes of the cacodylate buffer. Half of the tissue specimens were processed for thin-section electron microscopy, and the other half were processed for freeze-fracture.
For thin-section electron microscopy, the tissue was postfixed in 2% osmium tetroxide in 0.1 M cacodylate buffer (pH 7.2) for 2 h, stained enbloc with 0.5% uranyl acetate in 0.1 M barbital buffer (pH 5.4), dehydrated through graded ethanols, and embedded in epoxy resin. Sections were cut with a diamond knife, stained with lead citrate, and examined with a Phillips 300 electron microscope.
For freeze-fracture, the tissue blocks were infiltrated with glycerol (with concentrations increasing from 10 Carbon-platinum replicas were made of the fractured surface, and the underlying tissue was dissolved with household bleach. The replicas were washed with distilled water, mounted on an uncoated copper grid, and examined with a Philips 300 electron microscope.
Initial experiments were performed on Sprague-Dawley rats sacrificed after 6 to 8 weeks of corticosteroid treatment. The results showed that P. carinii trophozoites were tightly attached to the alveolar type I cells (Fig. 1) . As described previously with transmission electron microscopy (13), the cell membrane was closely apposed to that of the parasite. Under higher magnification, no changes in the structure of the membrane (i.e., the distribution of the intramembranous particles) were observed in the type I cell or in the trophozoite (Fig. 2) . Rather, they were always separated by amorphous material which surrounded the surface of the trophozoite and appeared to anchor the trophozoite to the host cell.
To rule out sampling error, further experiments were conducted with Lewis rats, and the protocol was modified to include different times of sacrifice. Findings in these experiments were identical to those of the experiments with Sprague-Dawley rats.
The data presented here are of considerable interest when considered in light of the general phenomenon of organism attachment. Other authors have found that freeze-fracture electron microscopy is a valuable technique in examining the attachment of a variety of types of microorganisms to host cells (2-4, 7, 9) . These studies have all demonstrated some morphological changes in the membrane (e.g., fusion or rearrangement of intermembranous particles) of the organism or the host cell or both in relation to the attachment process. In some cases these changes correlated with the ability of the organism to invade or maintain an existence within the host cell; at the very least, the changes suggested that the organism or host cell obtained some benefit from the attachment.
The lack of ultrastructural changes in P. carinii or host alveolar type I cells in the present study suggests an unusual mechanism of attachment, perhaps involving the surface-coating material of the trophozoite. Little is known about the nature of this material except that it is rich in polysaccharide as determined by histochemical staining (13) .
The attachment characteristics of P. carinji must be interpreted in relation to other factors in the host-parasite relationship in this infection. The primitive cytoplasmic organelle system in P. carinii suggests that the organism has unusual metabolic pathways, although endocytosis may also occur (15 
